Albino rats were submitted to a 24-h period of social isolation (individual housing) combined with 0, 1, 2 or 3 twenty-four-hour periods of exposure to different vivaria (novelty) and tested in the elevated plus-maze. Results, reported as mean ± SEM for N = 12, show that the time (in seconds) spent in the open arms by rats exposed to novelty for 0, 1, 2 and 3 days was 28.3 ± 4.4, 31.6 ± 3.2, 29.1 ± 3.5 and 25.0 ± 3.3, respectively, when grouped in the same vivarium; 29.6 ± 2.7, 7.6 ± 2.1, 9.6 ± 4.4 and 28.5 ± 3.7 when grouped in different vivaria; 2.9 ± 1.1, 1.8 ± 1.0, 2.7 ± 1.1 and 0 ± 0 when isolated in the same vivarium, and 2.6 ± 1.1, 31.5 ± 8.2, 24.8 ± 4.2 and 0 ± 0 when isolated in different vivaria. The number of entries into the open and closed arms followed a similar trend. This indicates that, separately, both exposure to novelty and isolation are aversive manipulations. Paradoxically, when novelty was combined with a concomitant 24-h period of social isolation prior to testing, the decrease in exploratory behavior caused by either of the two aversive manipulations alone was reverted. These results are indicative that less intense anxiety triggers mechanisms mediating less energetic behavior such as freezing, while higher levels trigger mechanisms mediating more vigorous action, such as flight/fight behavior, since the combination of two aversive situations resulted in more exploratory behavior than with either alone. They are also suggestive of habituation to the effects of novelty, since exposure to it for 3 days produced exploratory behavior similar to that of controls.
Introduction
The elevated plus-maze (1,2), a modification of the procedure proposed by Montgomery (3), has often been used to investigate anxiolytic and anxiogenic compounds and to study the involvement of neurotransmitters in anxiety (e.g., [4] [5] [6] . The method was considered by Pellow et al. (2) to be a valid and reliable tool for measuring anxiety, on the basis of extensive investigation analyzing several of its behavioral, physiological and pharmacological aspects. The test consists of placing an animal in a plus-shaped maze elevated above the floor, with closed arms (i.e., walled and end-closed) and open arms (i.e., with no walls S. Morato and M.L. Brandão or end closing) and measuring the frequency of entries and time spent in each type of arm. A rat explores both the closed and the open arms but typically will enter more frequently and stay longer in the closed arms. The percent preference for open or closed arms, both for entries and duration (2, 5) , is taken as an index of anxiety, with more intense anxiety being correlated with the lower percent preference for the open arms.
In spite of the apparent simplicity of this test situation, aversion to the open arms seems to be influenced by many factors such as sex (7), pre-exposure to the maze (8) (9) (10) , raised edges in the open arms (10) , type of floor (11) , time of day at which testing occurs (9) , and environmental levels of illumination (9, 11) . We have shown that social isolation adds to the aversiveness of the open arms (12, 13) . In those experiments, social isolation for different periods of time (2-24 h to 2 weeks) caused rats to explore the open arms less than controls, an effect that could be reversed or attenuated by drugs with an anxiolytic effect. Similar results had already been reported for rats isolated for six weeks and the findings have been associated with increased fearfulness manifested as decreased activity in the plus-maze (14) . In addition, we have recently shown that the combination of two aversive manipulations (transporting the rats with a cart and social isolation) increases exploratory behavior in the open arms when compared to the effect of either cart transportation or social isolation alone, which only caused marked decreases in the exploration of the open arms (15) .
In the present experiment we investigated the effects of combinations of novelty (exposure to different environments) and social isolation (individual housing) on the exploratory activity of rats in the plus-maze. We decided to investigate novelty because we noticed that previous exposure to different environmental stimuli altered the exploratory activity of rats submitted to the elevated plus-maze.
Material and Methods

Animals
Male Wistar rats (60-70 days) weighing 200-230 g were housed 6 to a plastic box (40 x 30 x 17 cm) with food and water ad libitum on a 12-h light-dark cycle (lights on at 7:00 a.m.) for a habituation period of 3 days. According to the experimental protocol, the rats were then moved every 24 h to different vivaria with distinct environments (Table 1) . Room temperature was maintained at 24-26 o C in all vivaria. Twelve rats were studied under each condition. All testing was performed between 7:30 and 10:30 a.m.
Apparatus
Locomotor activity was measured just before the test in the maze in a wooden arena (60 x 60 x 30 cm with the floor divided into 15-cm squares) for 5 min because previous studies have shown that this procedure increases baseline exploratory activity in the plus-maze (2). Exploratory activity was then measured in an elevated plus-maze similar to that previously described by Pellow et al. (2) .
Briefly, the maze was elevated 50 cm from the floor and consisted of two open arms (with 1-cm Plexiglas edges) and two closed arms (with 40-cm high wooden walls and no roof) arranged in such a way that like arms were opposite to each other.
The arena and the maze were located in a room lit by a 15-W light bulb, 1.75 m above the central part of the maze. All data were recorded using standard Grason-Stadler (Concord, MA) electromechanical equipment in the test room.
Experimental protocol
Housing. The subjects were either kept in groups of six to a cage (G) all the time or individually housed (I) in smaller cages (27 x 15 x 14 cm) 24 h prior to testing. The latter condition allowed them to see, hear and smell each other. All had free access to water and food throughout the experiment.
Novelty. Every 24 h the rats were exposed to novel environments, i.e., different vivaria with temperature control but differing in terms of room size, number of other experimental rats, noise of the ventilation systems, and the presence, size and location of windows. The subjects, in groups of 12 rats, were exposed to either the same (S) or different vivaria (D) for 0, 1, 2 or 3 days according to the experimental protocol ( Table  1 ). The groups were coded G or I, for grouped or individually housed, respectively, and S or D, for same vivarium or different vivaria, plus a number indicating how many days the group was submitted to the novelty. Thus, group GD3 indicated the subjects grouped in different vivaria for 3 consecutive days, IS2 the subjects isolated in the same vivarium for 2 days, and so on.
Four different vivaria were used, arbitrarily denominated a, b, c and d. The characteristics of the vivaria were as follows. Vivarium a was 4.0 x 2.0 m in size, had no windows or any other communication with the environment, with passive exhaust to another room where the air was actively pumped out, decreasing noise, with air conditioning directly installed in the room, and illumination provided by a fluorescent 40-W lamp. This vivarium usually contained only the rats being tested. Vivarium b was 3.0 x 2.0 m in size, had no windows but communicated to the outside through the exhaust fan hole which allowed air to be actively pumped out and illumination to enter. Insects were kept out with a fine wire mesh. Air conditioning was installed in the room, which was illuminated by a 20-W fluorescent lamp. This vivarium usually contained about 10 other individually housed rats, usually recovering from brain surgery. Vivarium c was 5.0 x 3.5 m in size, had a 3.5 x 0.6-m window in the upper part of one of the walls and an exhaust fan hole on an adjacent wall (which also permitted illumination in but kept insects out with a fine wire mesh). The air conditioner was installed in another room, decreasing noise level. The vivarium was illuminated by three 40-W fluorescent lamps and usually contained an average of 50 resident rats. Vivarium d was 5.0 x 3.5 m in size. One of the walls had a 1.0 x 0.6-m window (upper part), an exhaust fan hole (which also allowed illumination in but kept insects out with a fine wire mesh), and an air conditioner. It was illuminated by four 40-W fluorescent lamps and usually held more than 100 resident rats.
All individual housing occurred during the last 24 h prior to testing. Rats belonging to groups GD0 and ID0 were habituated to vivarium a for three days and then tested. Likewise, GS0 and IS0 rats were habituated to vivarium d for three days and then tested. GD1 and ID1 rats were habituated to vivarium a for three days, moved to vivarium d for 24 h and then tested; GS1 and IS1 rats remained in vivarium d for the four days and then tested. The GD2 and ID2 groups were habituated to vivarium a for three days, moved to vivarium c for 24 h, then moved to vivarium d for 24 additional hours and then tested; GS2 and IS2 animals remained in vivarium d for an equal length of time (five days) and were then tested. Finally, GD3 and ID3 rats were habituated to vivarium a for three days, spent three sequential 24-h periods in vivaria b, c and d, and were then tested; GS3 and IS3 rats remained an equal length of time in vivarium d (six days) and were then tested. Thus, except for the GD0 and ID0 subjects, that were only exposed to vivarium a and tested, GD and ID animals went through the vivaria in the same order: vivarium b on the third day before testing, vivarium c on the second day before testing, and vivarium d on the day before testing. Also, again except for groups GD0 and ID0, vivarium d was the place where all social isolation occurred for both ID and IS animals.
Behavioral measurements. Each rat was placed individually in the arena for 5 min (where the number of squares crossed was counted) and then transferred to the elevated plus-maze where it was gently placed with the nose facing one of the closed arms. The number of entries and time spent in each type of arm was recorded for 5 min by an experimenter standing as still as possible and away from the maze. An entry was recorded when all four paws were placed inside one arm. The latency to the first entry was also recorded. This last measure, together with the number of squares crossed in the arena, was used to assess locomotor deficits, if any.
For analysis, the percent of the number of entries and time spent in the open arms were calculated in relation to total entries in both arms and total duration of the session, respectively.
Statistical analysis
The different degrees of exposure to novelty and the different housing conditions were analyzed separately using one way analysis of variance (ANOVA) and post hoc comparisons between groups, when necessary, using the Dunnett multiple comparisons test (16) .
Results
Total activity
The general exploratory activity in the elevated plus-maze of rats submitted to the two housing conditions and to the different number of days of novelty exposure is shown in Figure 1 and Table 2 . Figure 1 shows that novelty in the form of daily exposure to a different environment affected rats in the two housing conditions when compared to the respective 0-day exposed animals. Total entries by IS rats (F [3, 44] = 4.204, P<0.05) did not differ. Total entries were increased in GS1 rats (F [3, 44] = 4.791, P<0.01) and in ID1 and ID2 rats (F [3, 44] = 22.505, P<0.001), and decreased in GD1 and GD2 rats (F [3, 44] = 8.755, P<0.001).
The effects of housing condition varied. When compared to GS animals, there was a decrease in total entries by IS0 and ID0 rats (F [3, 44] = 72.099, P<0.001) and IS3 and ID3 (F [3, 44] = 68.324, P<0.001). The rats in groups GD1 (F [3, 44] = 13.411, P<0.001) and GD2 (F [3, 44] = 16.296, P<0.001), but not ID1 and ID2, also showed decreased activity. Table 2 shows that the number of crossings in the arena did not differ along novelty exposure days for GS (F [3, 44] In comparison to the corresponding GS groups, 0-(F [3, 44] = 21.361, P<0.001) and 3-(F [3, 44] = 308.120, P<0.001) day exposed IS and ID animals and 1-(F [3, 44] = 15.043, P<0.001) and 2-(F [3, 44] = 9.006, P<0.001) day exposed GD and IS animals decreased the percent of open arm entries. Figure 3 shows the time spent in the open arms. It can be seen that novelty did not 
Discussion
The effects of social isolation on the animals in the 0-day groups housed in the same vivarium or in different ones were similar and the subjects behaved in ways already described in the literature: grouped rats behaved similarly and explored about the same amount, whereas socially isolated rats showed a decrease in the exploration of the open arms (sometimes also decreasing closed arm entries) both in terms of number of entries and time (12) (13) (14) . These results were independent of the rats being habituated to the vivarium adjacent to the test room or to any other vivarium located farther away.
The overall effect of novelty on the exploratory behavior of rats in the elevated plus-maze was to reverse the effects of housing conditions. Exposure to novelty for one or two days decreased total number of entries, percent of entries and time spent in the open arms by grouped animals while paradoxically increasing these parameters for socially isolated animals up to the control values of GS rats. Neither of these effects can be attributed to locomotor alterations judging by the number of square crossings in the arena and the latency of first entry which were not greatly altered.
Exposure to novelty in the form of a 24-h stay in a new vivarium is most likely an aversive manipulation. This can be inferred from the decrease in exploratory behavior observed with the grouped animals, which was similar to the decrease caused by social isolation alone observed here and elsewhere (12, 13) . What remains to be accounted for, then, is why the addition of two aversive manipulations (social isolation and novelty) restored exploratory behavior instead of reducing it even more. Either or both of the two hypotheses presented below may account for it.
First, it is plausible that low levels of aversion trigger behavioral mechanisms differing from those triggered by higher levels. Thus, as stated elsewhere (17) (18) (19) (20) (21) , defensive behaviors are hierarchically organized and different behaviors within this class are provoked by aversive stimuli of different intensities. For example, freezing is the result of mild or distant threatening stimuli whereas flight/fight behaviors are the outcome of stronger or near stimuli. Likewise, in the present experiment, social isolation alone triggered mechanisms similar to those that mediate freezing while the combination of social isolation plus novelty may trigger other mechanisms more similar to those mediating more vigorous behavior such as fleeing or fighting. Consequently, the first case would GS, Rats grouped in the same vivarium; GD, rats grouped in different vivaria; IS, rats isolated in the same vivarium; ID, rats isolated in different vivaria. *P<0.05 compared to the corresponding 0-day exposed group; + P<0.05 compared to the corresponding GS group (Dunnett multiple comparisons test). make the animals less prone to exploring and the second case would make the animals more inclined to physical activity which, in the maze, would manifest itself as exploratory activity. Consistent with this hypothesis, a recent study from this laboratory demonstrated that rats exposed to an elevated plus-maze with transparent walls, in which height is more prominent, showed higher exploratory activity than when exposed to the standard test in an elevated plus-maze with conventional wooden walls (22) . Also, we have recently reported (15) that the combination of two different aversive stimuli (social isolation and transportation on a metal cart) caused an increase rather than a decrease in exploratory activity in the elevated plus-maze. As was the case in the present experiment, an aversive stimulus alone decreased measures related to open arm exploration but produced the opposite effect when combined with the other.
As a second hypothesis, these data may indicate two distinct states of anxiety generated by isolation and the novelty of different environments. Regarding novelty, another fact emerges from the data obtained. Exposure to novelty for three days seems to paradoxically bring the alterations back to the usual picture obtained with the control condition and the social isolation in the plusmaze. These behavioral effects seem to be related to phobic states different from the anxiety state induced by isolation. The phobic state is acquired and expressed during the first two exposures to the different environments and undergoes habituation or extinction during the third exposure. In fact, it has been reported that phobic states are extinguished by repeated testing (23) . The anxiety state generated by isolation, on the contrary, tends to increase with time (12, 13, 24) . Thus, the animals might habituate to being constantly in the novelty situation and this would render them less reactive to it after a certain time, leaving only the effects of social isolation to be expressed.
Nevertheless, further experimentation is necessary in order to accept or reject these explanations, such as using anxiolytics to assess the aversiveness of novelty or manipulations that increase locomotor activity to investigate whether the effects observed here are really linked to anxiety or are of a more general nature.
